INTRODUCTION
. In each system, liver-specific functions have been maintained for periods ranging from 2 to 7 weeks.
Although the use of various components of the extracellular matrix has been explored in hepatocyte culture, few attempts have been made to induce the formation of their rather specialized polarity by manipulating the extracellular matrix configuration.
Hepatocytes are epithelial cells with distinct apical (bile canalicular) and basal (sinusoidal) surfaces that serve different functions. Typically, hepatocytes have been cultured in systems that allowed cell attachment on one surface and medium on the opposite surface [1, 2] . There are many reports of rat hepatocytes cultured in a collagen gel sandwich. However, studies of a similar culture system for mouse hepatocytes are scarce [2] . In this report, we describe the effects of sandwiching mouse hepatocytes between two layers of collagenous matrix, thereby providing an environment that more closely resembles in vivo geometry.
METHODS

Cell culture
Hepatocytes were isolated from 3-month-old adult C57/B6 mice (Charles River Laboratories, Boston, MA, USA) weighing 20 to 30 g using a modified version of a previously described two-step collagenase perfusion procedure in which primary mouse hepatocytes were sandwiched between two layers of collagen to maintain the stability of their liver-specific functions. Tissue culture dishes were coated with 0.5 mL of a mixed solution containing parts of rat-tail collagen (1.1 mg/mL in mM HCl) and 10 Dulbecco's modified Eagle Medium (DMEM) and incubated for 1 hour at 37°C to form a collagen gel. After gelation, one million hepatocytes (12. 
RNA isolation
Total RNA was isolated from cultured mouse hepatocytes using TRIzol reagent with the RNeasy kit according to the manufacturer's protocol. Total cellular levels were measured on a spectrophotometer, and the quality of each RNA preparation was determined with a bioanalyzer. Extracted RNA was stored at -80 o C [3] .
Reverse transcription-polymerase chain reaction (RT-PCR) for mouse primary hepatocytes
All quantitative PCRs were prepared using SYBR PCR supermix with the synthesized first-strand cDNA and specific primer pairs and performed using an ABI-PRISM Table 1 [10] .
RESULTS
Collagen gel sandwich for mouse primary hepatocyte culture
After 24 hours of culture, the primary mouse hep-thesurgery.or.kr AAT, alpha-1-antitrypsin; HNF4A, hepatocyte nuclear factor 4 alpha; AFP, alphafetoprotein; TO, tryptophan oxygenase; TAT, tyrosine aminotransferase; G6P, glucose-6-phosphatase; GAPDH, glyceraldehyde-3-phosphate dehydrogenase. atocytes grown on the collagen gel sandwich (Fig. 1A) had a much clearer cellular border and more bile canaliculi than did those cultured using a single collagen coating (Fig. 1D) . After 5 days, the mouse hepatocytes cultured on the collagen gel sandwich (Fig. 1B) maintained their cellular border and bile canaliculi while the cells grown using the collagen coating did not (Fig. 1E) . The results after 10 days of culture were same as those at 5 days (Fig. 1C, F ).
The differences between the collagen gel sandwich and the single layer systems were striking in the higher density (1 × 10 6 , Fig. 2 ) culture dishes. After 24 hours of culture, the mouse primary hepatocytes cultured using the sandwich system ( Fig. 2A) had a considerably more distinct cellular border and a higher number of bile canaliculi than did those grown using the single collagen coating (Fig. 2D ).
After 5 and 10 days, the cellular border and bile canaliculi were maintained in the collagen gel sandwich system (Fig.   2B , C), but not in the collagen-coated dish (Fig. 2E, F) . (Fig. 3B ).
RT-PCR for mouse primary hepatocytes cultured using a collagen gel sandwich
The results of RT-PCR targeting alpha-1-antitrypsin (AAT), hepatocyte nuclear factor 4 alpha (HNF4A), alpha-thesurgery.or.kr Representative reverse transcription-polymerase chain reaction data of mouse hepatocytes grown in a collagen gel sandwich and a collagencoated dish. Alpha-1-antitrypsin (AAT), hepatocyte nuclear factor 4 alpha (HNF4A), alphafetoprotein, albumin, tryptophan oxygenase (TO), tyrosine aminotransferase (TAT) gene, glucose-6-phosphatase (G6P), glyceraldehyde-3-phosphate dehydrogenase (GAPDH) expression in mouse primary hepatocytes cultured in collagen-coated and collagen gel dishes. 1st row corresponds to mouse hepatocytes and 2nd and 3rd row correspond to mouse hepatocytes grown on collagen gel for 5 days and 10 days, respectively. 4th and 5th row represent mouse hepatocytes cultured in a collagen-coated dish for 5 and 10 days, respectively. AFP, alphafetoprotein.
fetoprotein, albumin, tryptophan oxygenase (TO), the tyrosine aminotransferase (TAT) gene, glucose-6-phosphatase (G6P), and GAPDH differed between mouse primary hepatocytes grown on a single collagen layer and those grown using the collagen gel sandwich system (Fig. 4) .
The expression of AFP, TAT, and G6P disappeared in both mouse hepatocytes cultured in a collagen gel dish and those grown on a collagen-coated dish for 5 and 10 days.
However, the expression of AAT, HNF4A, albumin, and TO was detected in mouse hepatocytes cultured on collagen gel after 5 and 10 days, but not in mouse hepatocytes grown on the collagen-coated dish (Fig. 4) .
DISCUSSION
Primary hepatocytes have been used extensively to study hepatic uptake and metabolism [2] . The liver-specific functions of primary hepatocytes including albumin secretion, urea synthesis, CYP3A4 expression, and expression of tight junction-associated proteins have commonly been used in drug development [3] . 
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